Cognitive emotion regulation strategies, such as reappraising the emotional meaning of events, are linked to positive adjustment and are disrupted in individuals showing emotional distress, like anxiety. The late positive potential (LPP) is sensitive to reappraisal: LPP amplitudes are reduced when unpleasant pictures are reappraised in a positive light, suggesting regulation of negative emotion. However, only one study has examined reappraisal in children using the LPP. The present study examined whether directed reappraisals reduce the LPP in a group of 5-to 7-year-olds, and correlate with individual differences in fear and anxiety. EEG was recorded from 32 typically developing children via 64 scalp electrodes during a directed reappraisal task. Mothers reported on child anxiety. Fearful behavior was observed. As predicted, LPP amplitudes were larger to unpleasant versus neutral pictures; counter to predictions, the LPP was not sensitive to reappraisal. The degree to which unpleasant versus neutral pictures elicited larger LPPs was correlated with greater anxiety and fear. Results suggest that reappraisal in young children is still developing, but that the LPP is sensitive to individual differences related to fear and anxiety. The utility of the LPP as a measure of cognitive emotion regulation and emotional processing biases in children is discussed.
Introduction
Emotion regulation involves the ability to change our experience of and attention to emotional information (Gross and Thompson, 2007) . The study of emotion regulation in adults often focuses on the use of cognitive emotion regulation strategies (e.g., Moser et al., 2006 Moser et al., , 2009 Hajcak and Nieuwenhuis, 2006; Krompinger et al., 2008) . One such strategy, reappraisal, serves to change the emotional meaning and significance of an event or stimulus (Foti and Hajcak, 2008; Gross and John, 2003; Hajcak and Nieuwenhuis, 2006; Kalisch et al., 2006; Ochsner et al., 2002; Ochsner and Gross, 2005) . For example, when viewing a picture of a man who is lying in a hospital bed, one could reappraise this picture in a more positive light by describing the man as a person who was sick, but is now on his way to making a full recovery. Difficulty in the ability to use reappraisal to modify the significance and meaning of unpleasant emotional material has been linked to problems with adjustment, such as mood disruptions (e.g., Gross and John, 2003) . Other emotion regulation strategies, such as suppression, appear to be inferior to reappraisal because they are responsefocused and thus occur after an emotional reaction has already occurred (Gross, 1998) . Indeed, suppression compared to reappraisal is associated with increased cognitive and physiological "load", impaired memory, and poorer adjustment (Gross and John, 2003; Richards and Gross, 2000; Gross and Levenson, 1993, 1997) .
Neuroscience studies with adults have identified neural mechanisms supporting the ability to reappraise. While reappraising, adults show increased activity in areas of the prefrontal cortex (PFC), including the dorsal lateral prefrontal cortex and dorsal anterior cingulate cortex; in contrast, subcortical regions associated with emotional arousal and emotional processing such as the amygdala are less active (Ochsner et al., 2002; Phan et al., 2005; Urry et al., 2006) . This suggests that prefrontally mediated cognitive control resources are being recruited to down-regulate the experience of negative emotion. To date, the single fMRI study examining reappraisal in children (aged 5-10) shows similar patterns: when asked to reappraise sad stimuli, portions of the lateral and medial PFC were bilaterally activated in addition to the right ACC and right ventral lateral PFC activation (Levesque et al., 2004) . These neuroimaging studies identify neural regions involved in emotion regulation with excellent spatial resolution; however, key emotion regulation processes may occur on the order of milliseconds and thus emerge more rapidly than can be detected via fMRI. Scalp-recorded event related potentials (ERPs) have excellent temporal resolution on the order of milliseconds, and thus are capable of capturing such rapid changes resulting from the use of cognitive emotion regulation strategies.
One ERP that is particularly well-suited for examining reappraisal is the late positive potential (LPP). The LPP emerges around 200-300 ms following stimulus onset and tends to be maximal at centro-parietal recording sites (e.g., Cuthbert et al., 2000; Foti and Hajcak, 2008; Hajcak and Nieuwenhuis, 2006) . The LPP reflects increased processing of and facilitated attention to emotional stimuli, such that LPP amplitudes are larger to emotional versus neutral stimuli like pictures, faces, and words Schupp et al., 2000 Schupp et al., , 2004 Herbert et al., 2008) . Several studies have shown that the LPP is sensitive to emotion regulation strategies such as directed reappraisal (Foti and Hajcak, 2008; MacNamara et al., 2011) and directions to increase and decrease subjective emotional responses (Hajcak and Nieuwenhuis, 2006; Moser et al., 2006 Moser et al., , 2009 Krompinger et al., 2008) . Specifically, LPP amplitudes are reduced when adults are asked to reappraise an unpleasant stimulus in a more positive light compared to a negative appraisal (Foti and Hajcak, 2008) , or when instructed to use cognitive strategies to decrease versus increase subjective emotional responses to pleasant (Krompinger et al., 2008) and unpleasant stimuli (e.g., Moser et al., 2006 Moser et al., , 2009 Hajcak and Nieuwenhuis, 2006) . These changes in the LPP, in adults, are correlated with reduced subjective arousal (Hajcak and Nieuwenhuis, 2006) , suggesting the effective down-regulation of emotion, and are independent of factors that might increase cognitive load, such as task difficulty . A recent study also examined the LPP 30 min after a directed reappraisal task and found that LPP amplitudes were larger to reappraised stimuli versus those that were not reappraised (MacNamara et al., 2011) . Therefore, the LPP is sensitive to changes in emotional processing that result from the use of cognitive emotion regulation strategies like reappraisal.
To date, however, only two published studies have examined the LPP in response to complex emotional pictures in children Hajcak and Dennis, 2009) and one study examined an LPP-like ERP component, the P400, in children, in response to emotional faces (Leppanen et al., 2007) . In research from our lab, we confirmed that the LPP is sensitive to emotional stimuli in children: LPP amplitudes were larger to pleasant and unpleasant as compared to neutral stimuli in 5-to 10-yearold children ). In the other study , we demonstrated that 5-to 10-year-old children were able to use directed reappraisal strategies to modulate the LPP, similar to effects found in adults: LPP amplitudes were reduced to unpleasant stimuli when reappraisal versus negative stories were provided. However, effects of reappraisal strategy emerged around 600-1000 ms, which is later than the timing documented in studies with adults (Foti and Hajcak, 2008; ). Moreover, reappraisal was not effective in modulating the LPP in younger girls in the sample (ages 5-6). In fact, younger girls in this study showed the opposite effect such that LPP amplitudes were larger that were reappraised versus those with negative stories. For the sample as a whole, LPP amplitudes were reduced in the reappraisal versus negative story condition (indicating effective down-regulation of the LPP via reappraisal) and were associated with fewer anxious/depressed symptoms while reappraisals (of unpleasant stimuli) were associated with more symptoms.
This first study ) examining reappraisal and the LPP in children therefore suggests that children are able to effectively use reappraisal to modulate how they process unpleasant emotional stimuli as measured via the LPP, that effects may vary by age and gender, and that these changes in the LPP correlate with individual differences in mood and anxiety. Several methodological issues in the Dennis and Hajcak (2009) study, however, limited our ability to fully interpret results. For example, this previous study included a somewhat small sample size (N = 20) and lacked a neutral baseline condition. Additionally, the methodological parameters of Dennis and Hajcak (2009) were meant to bolster young children's ability to reappraise, a method that differs from the adult literature on reappraisal: reappraisal stories followed presentation of emotional pictures, whereas in the adult literature reappraisals always precede emotional stimuli given that reappraisal is conceptualized as an antecedent-focused strategy that occurs prior to an emotional reaction.
Thus, the goal of the present study was to add to the literature on reappraisal and the LPP in children and to clarify findings from Dennis and Hajcak (2009) by increasing the sample size, designing the reappraisal paradigm to mirror paradigms used in the adult literature, and focusing on younger age range of study (around ages 5-6) in which effects of reappraisal were unclear. This age period, when children are in kindergarten or first grade is a particularly important period in the development of cognitive emotion regulation. First, factors such as ongoing brain maturation, exposure to peers, and participation in structured education support more sophisticated cognitive and emotional abilities (Thompson and Goodman, 2010) . Moreover, more complex information processing skills allow children at this age to generate emotion regulation strategies in more creative and independent ways (Garber et al., 1991; Gross and Thompson, 2007) . The literature on the behavioral development of emotion regulation shows that clearly identifiable, effortful emotion regulation strategies can be detected in toddlers and preschoolers (Cole et al., 2004; Kopp, 1989) ; that children as young as 3 years identify effective behavioral and cognitive emotion regulation strategies, and that this understanding correlates with social skills (Dennis and Kelemen, 2009) ; and that by the end of early childhood, children are aware of how they use cognitive emotion regulation strategies (Davis et al., 2010) . However, very few studies have used a neural measure to strengthen the inference that young children can effectively use cognitive strategies such as reappraisal to down-regulate emotion.
Thus, the present study focused on the question of whether the directed use of reappraisal results in the effective down-regulation of the LPP in young children around the time of kindergarten and first grade. We targeted typically developing children in order to identify normative patterns given the nascent stage of the research. To provide converging evidence that the LPP is capturing meaningful individual differences related to emotion, a second goal of the present study was to examine whether the LPP correlates with individual differences in fearful behavior, anxious mood, and temperamental fear. Previous studies suggest that the LPP might be particularly sensitive to fear-and anxiety-related characteristics. For example, Dennis and Hajcak (2009) showed that larger LPP amplitudes during directed reappraisal (i.e., during a condition in which LPP amplitudes should be reduced) were associated with greater anxious-depressed symptoms in children. In a study with adults, MacNamara and Hajcak (2009) demonstrated that biased processing of unpleasant versus neutral stimuli (i.e., larger LPP amplitudes to unpleasant versus neutral emotional pictures) during a spatial attention task was related to higher state anxiety in adults. To examine whether such associations would emerge in the present study, we included measures reflecting fearful and anxious traits (anxiety and temperamental fear) as well as states (observed fearful behavior).
We tested two hypotheses. First, LPP amplitudes will be reduced when reappraisals versus negative stories precede unpleasant stimuli. We will explore gender differences in the effects of condition given previous documentation of gender differences . If directed reappraisals are not effective in reducing the LPP in this young age group, another potentially important LPP measure is of biased processing of unpleasant versus neutral stimuli (i.e., larger LPP amplitudes to unpleasant versus neutral emotional pictures; see ). Thus, the second exploratory hypothesis was that increased fear-and anxiety-related states and traits will be correlated with (a) reduced effective down-regulation of the LPP via reappraisal and (b) increased LPP amplitudes to unpleasant compared to neutral stimuli.
Methods

Participants
Thirty-four children (13 girls) between the ages of five and seven were recruited from in and around New York City. Of the 34 children that were recruited, two were excluded due to excessive blinks and movement artifacts. Therefore a sample of 32 children was used for analyses. Of the 32 children used in this sample, there were six children who were 5 years old, 24 children who were 6 years old and two children who had just turned 7 years old (M = 76.56, SD = 6.17, range = 60.00-84.00 in months). Race and ethnicity for the children were collected via maternal report and were as follows: Caucasian: 10, African American, 13, Hispanic/Latino: 4, Asian: 2, more than one race: 3. Participants were compensated $100 for their time and children were given astronaut ice-cream.
Stimulus materials
Stimuli were 30 unpleasant 1 and 15 neutral 2 pictures from the International Affective Picture System (IAPS; Lang et al., 2005) . The unpleasant stimuli had a mean valence of 3.31 (SD = 0.73) and arousal of 5.78 (SD = 0.70). The neutral stimuli had a mean valence of 5.12 (SD = 0.68) and arousal of 2.81 (SD = 0.71). Although valence and arousal ratings both use a scale of one to nine, lower ratings for valence correspond to more unpleasant ratings, whereas lower ratings for arousal indicate less arousing stimuli.
Presentation software (Version 2, Neurobehavioral Systems, Inc., Albany, CA) was used to program the directed reappraisal task. All stimuli were presented using an IBM computer and 17 monitor. Children were seated 65 cm from the computer monitor during the directed reappraisal task.
Analyses were conducted using PASW version 18 using general linear model and correlation software.
Procedures and measures
Prior to beginning the EEG portion of the visit, informed consent was obtained from the parent and child. All parents and children consented to participation. Children were informed they could take a break at any time.
Participants in this study are a part of a larger study examining emotional processing and emotion regulation in children. The 34 children that participated in the present study also completed a passive viewing task prior to the directed reappraisal task. All participants first completed the EEG portion of the visit (passive viewing task followed by the directed reappraisal task) and then completed the black box task and other observation-based tasks after a short break to clean up. The data from the passive viewing task are presented in a separate paper (Solomon et al., 2011) . The entire visit lasted approximately 2.5 h.
Anxiety
All parents completed the Child Behavior Checklist Rescorla, 2000, 2001) , which measures symptoms of social, emotional and behavioral problems. This questionnaire consists of 100 items for 5 year old and 112 items for children ages 6 and older, from which parents report on their child's behavior using a three point Likert scale. DSM anxiety T-scores' were computed for both ages separately (6-7 year olds: ˛ = .74; 5 year olds: ˛ = .36). Items that are included in the DSM anxiety T-score include "clings to adults or too dependent" or "doesn't want to go out of home".
Temperamental fear
The Children's Behavior Questionnaire was administered to assess temperamental fear (CBQ; Rothbart et al., 2001 ). The CBQ is a 195 item questionnaire used to measure various facets of child temperament. All items on this questionnaire use a seven point Likert scale. The fear scale (˛ = .70) consists of 12 items which measures negative affect, feelings of uneasiness and worry in response to fear-inducing or novel situations.
Fearful behavior
Following the EEG portion of the visit, children completed the black box task taken from the laboratory temperament assessment battery (LabTAB; Goldsmith et al., 1993) . This task is designed to measure inhibited and fearful behavior. In this task, children are presented with an opaque black box and told that there is something scary inside. They are then asked to place their hand in the box. The latency of the child placing their hand into the box was used as the measure of fearful behavior, with longer latencies indicating more fear.
Directed reappraisal
The directed reappraisal task occurred after EEG set up. Children were given verbal instructions about what the task entailed. The following was read to each child: "For our next game we're going to see some pictures. Listen to the stories and think of the pictures so that they match the stories. Remember to stay still and look at the screen. Try to match the story to the picture. If you need to tell me anything, wait until the game is over to tell me."
Children were reminded to not blink or move around too much during when viewing the pictures and listening to the stories. EEG was recorded continuously for the entire task.
There were 30 unpleasant stimuli, taken from the IAPS. Half of the stimuli were presented with a negative story prior to seeing the stimuli and half were presented with a reappraisal story. The negative and reappraisal stories were the same as those used in Dennis and Hajcak (2009) . The type of story presented on the first trial was counterbalanced across participants.
Participants heard each story followed by a 500 ms delay prior to stimulus onset. Stimuli were then presented for 2000 ms with a 1500 ms inter-trial interval between each stimulus and the next story. After all 30 trials were presented participants were given a break and then continued to the second block. The second block presented all of the same stimulus/story pairings in order to achieve the greatest number of trials possible for the LPP.
Following the directed reappraisal portion of the experiment, participants then completed a neutral block. The neutral block always followed the directed reappraisal block. Within this neutral block, participants were given a neutral story prior to viewing a neutral picture (see Appendix A) which served as a neutral baseline condition. There was 500 ms delay between each story and the onset of the stimulus. Similar to the directed reappraisal block, stimuli were presented for 2000 ms with a 1500 ms intertrial interval from the offset of the stimulus and onset of the next story.
EEG recording
Electroencephalography (EEG) was recorded from 64 Ag/AgCL scalp electrodes, using the ActiveTwo Biosemi System (Biosemi, Amsterdam, Netherlands) during the directed reappraisal task. The electrooculogram (EOG) generated from blinks and eye movements was recorded from four electrodes: Horizontal EOG was recorded from one electrode placed 1 cm to the left of the left eye and another placed 1 cm to the right of the right eye. Vertical EOG was recorded from one electrode placed 1 cm above the left eye and another placed below the left eye. As per Biosemi's design, during acquisition the ground electrode was formed using the Common Mode Sense active electrode and Driven Right Leg passive electrode.
EEG data reduction
EEG and EOG signals were digitized on a laboratory computer using ActiView software (BioSemi). The EEG was sampled at 512 Hz. Brain Vision Analyzer (Version 2.2, GmbH, Munich, Germany) was used to process the data offline and to generate the LPP. Data were band-pass filtered with cutoffs between .1 Hz 3 and 30 Hz and referenced to the average of the left and right mastoids. EEG was corrected for blinks and artifacts using the method developed by Gratton et al. (1983) . Artifact were identified using the following criteria: any data with voltage steps exceeding 75 V, changes within a segment that were greater than 200 V, amplitude differences greater than ±120 V within a segment, and activity lower than .2 V per 100 ms were considered artifacts and excluded from analyses.
The EEG was segmented for each trial 400 ms before each picture and continuing for 2000 ms. The 400 ms window prior to the picture served as the baseline. Mean LPP amplitudes were computed within each of the following time windows based on visual inspection of the data: early (300-700 ms), middle (700-1200 ms) and late (1200-2000 ms). The LPP was averaged in three regions: posterior, central, and anterior. Each region included clusters in the right, midline, and left. Because there were no significant differences between these clusters, Mean LPP amplitudes were computed for each region averaging across the clusters (see Fig. 1 ), separately by window: posterior: PO4, PO8, O2, Oz, POz, PO3, PO7, and O1; central: C4, C6, CP6, Cz, CPz, C3, C5, and CP5; and anterior: FC4, F4, F6, Fpz, AFz, FC3, F3, and F5. Fig. 2 presents the stimulus-locked ERPs at posterior, central, and anterior recording sites, separately. Mean LPP amplitudes for each condition, region and window are presented in Table 1 . LPP amplitudes during the first and second presentations of the stimuli did not differ, and thus grand-average waveforms represent the average LPP across presentations. Descriptive statistics for anxiety, temperamental fear, and fearful behavior are presented in Table 2 .
Results
Descriptive statistics
Effects of condition 4
The first hypothesis was that LPP amplitudes would be reduced for unpleasant pictures following directed reappraisals versus negative stories. Given previous research ), we considered the possibility that in this age group (ages 5-7) effects of condition type would not be robust, but that a significant difference between emotional versus neutral stimuli (greater LPP amplitudes for unpleasant versus neutral pictures) would emerge. To examine this question, we conducted a 3 (condition: negative story, reappraisal, and neutral baseline) × 3 (window: early 300-700 ms, middle 700-1200 ms, and late 1200-2000 ms) × 2 (gender) repeated measures ANOVA, separately for each region (posterior, central, and anterior). Analyses were Greenhouse-Geisser corrected when analyses violated assumptions of sphericity.
Posterior region
The LPP was sensitive to condition, F(2,60) = 11.85, p < .001, Á 2 = .28, such that the negative stories, t(31) = 3.97, p < .001, and reappraisals, t(31) = 5.01, p < .001, generated larger LPP amplitudes than the neutral baseline condition. LPP amplitudes for the negative stories versus reappraisals, however, did not differ, t(31) = −.80, p = .42.
Effects of window, F(1.25,37.55) = 92.81, p = < .001, Á 2 = .75, show that the LPP was maximal in the early Fig. 2 . LPP amplitudes in each region and cluster for negative and reappraisal as well as the neutral baseline condition. LPP amplitudes were larger for negative and reappraisal versus the neutral baseline condition in all three regions. There were no significant differences between negative and reappraisal stories in any of the regions.
window as compared to the middle, t(31) = 7.85, p < .001, and late, t(31) = 11.20, p < .001, windows. Additionally, LPP amplitudes were larger in the middle versus late window, t(31) = 11.27, p < .001. Finally, the significant interaction between condition and window, F(2.80,84.25) = 4.36, p = .008, Á 2 = .12, showed that while the main effect of condition (LPP negative story and LPP reappraisal > LPP neutral baseline) was significant in the early and middle windows, all ps < .001, it did not reach significance in the late window. There were no significant gender effects.
Central region
The LPP was sensitive to condition, F(2,60) = 8.75, p < .001, Á 2 = .22: LPP amplitudes were larger for the negative stories, t(31) = 2.86, p = .007, and reappraisals, t(31) = 4.86, p < .001, as compared to the neutral baseline condition. There were no significant differences between the negative stories and reappraisals, t(31) = −1.45, p = .15. LPP amplitudes differed between windows, F(1.24,37.46) = 49.44, p < .001, Á 2 = .62, such that the LPP was larger in the middle, t(31) = −9.64, p < .001, and late, t(31) = −7.43, p < .001, as compared to the early window. There were no differences between the middle and late windows, t(31) = −1.65, p = .10. There were no significant gender effects or interaction effects.
Anterior region
As seen in the posterior and central regions, the anterior region showed the same effect of condition, F(2,60) = 6.44, p = .002, Á 2 = .17: negative stories, t(31) = 2.47, p = .01, and reappraisals, t(31) = 4.35, p < .001, yielded larger LPP amplitudes than the neutral baseline. The negative stories and reappraisals did not differ, t(31) = −1.24, p = .22. Effects of window, F(1.54,46.26) = 190.00, p < .001, Á 2 = .86, showed that LPP amplitudes were larger in the late window versus the middle, t(31) = −4.01, p < .001, and early windows, t(31) = −15.76, p < .001. LPP amplitudes were also larger in the middle versus early window t(31) = −18.10, p < .001. There were no significant gender effects or interaction effects.
Summary
Across all three regions, negative stories and reappraisals generated larger LPP amplitudes as compared to the neutral baseline condition. There were no significant differences in LPP amplitudes for the negative stories versus reappraisals. The LPP appeared to be maximal in the posterior region in the early window, in the central region in the middle and late windows, and in the anterior region in the late window. Thus, emotional content, rather than reappraisal, modulated the LPP in this group of 5-to 7-year-olds. Fig. 3 shows the scalp topography for the unpleasant-neutral stimuli (LPP amplitudes for negative stories and reappraisals are averaged).
The LPP and individual differences
Next, because there were no effects of condition (negative stories versus reappraisals) on the LPP, we were interested in examining whether the differences between the two story conditions and the neutral baseline were associated with individual differences in fear-and anxietyrelated states and traits. We predicted that the LPP difference scores (LPP negative stories-LPP neutral baseline and LPP reappraisal-LPP neutral baseline), indicating increased processing of negative versus neutral pictures, would be positively correlated with fear and anxiety in this normatively developing group of children. To test this hypothesis, we conducted correlations between LPP difference scores in the three region/windows in which LPP scores were maximal (the posterior region/early window, central region/middle window, and anterior region/late window) and three individual differences measures: anxiety, temperamental fear, and fearful behavior (see Table 3 ).
Anxiety 5
Larger LPP difference scores in the posterior region/early window for both difference scores (reappraisal-neutral baseline and negative stories-neutral baseline) were associated with higher anxiety (Fig. 4) . No other significant correlations emerged.
Temperamental fear 6
There were no significant correlations between the LPP and temperamental fear.
Fearful behavior 7
One significant correlation emerged for fearful behavior: larger LPP difference scores in the anterior region/late window (reappraisal-neutral baseline) were associated with more fearful behavior (longer latencies to place one's hand into the black box). No other significant correlations emerged.
Discussion
The present study was only the second to examine the LPP in children during a cognitive emotion regulation task. Results suggest that children as young as 5 or 6 are still developing in their ability to use directed reappraisal to reduce the LPP in response to unpleasant stimuli. Despite this null finding, the magnitude of the LPP to unpleasant compared to neutral pictures -as a measure of biased or preferential processing of unpleasant pictures -was significantly correlated with anxiety and fearful behavior in this group of typically developing children. Taken together, these findings suggest that children in kindergarten and first grade are still developing their ability to use sophisticated cognitive emotion regulation strategies like reappraisal, and that the LPP is a sensitive measure of emotional processing tendencies that may reflect vulnerabilities for fear and anxiety.
The effects of directed reappraisal on the LPP are robust in adults (e.g., Foti and Hajcak, 2008; MacNamara et al., 2011) . In one study, we also documented effects of reappraisal on the LPP in children aged 5-10, although effects were sensitive to age and gender . The finding in the present study that reappraisal did not modulate the LPP suggests that the use of reappraisal is still a developing ability in 5-to 7-year-olds. Given neuroimaging literature documenting that regions of the prefrontal cortex are activated when using emotion regulation strategies (e.g., Ochsner et al., 2002; Urry et al., 2006) , and given the ongoing development of these prefrontal cortical regions during childhood and adolescence (Casey et al., 2000; Segalowitz and Davies, 2004) , it is likely that the ability to effectively use cognitive emotion regulation strategies is unstable and still developing in early childhood. It will be important for future research to chart the development of cognitive emotion regulation in relation to neural and cognitive development in order to identify sensitive or critical periods in the link between key developmental attainments and emotion regulatory abilities.
Another important goal of the present study was to examine the time course and scalp topography of the LPP in children. Consistent with our previous study , the LPP emerged around 300 ms post stimulus and showed predictable topographical changes such in posterior regions, early portions of the LPP were maximal (300-700 ms), whereas in central and anterior regions, the LPP was maximal in middle to late windows of the LPP (700-1200 and 1200-2000 ms, respectively). This suggests that over the time course of the LPP, the earliest time window may primarily reflect initial detection and visual processing operations, whereas at later time windows, a range of other more elaborated processes may underlie the LPP (i.e., prefrontally mediated working memory and cognitive control functions). The time course of the LPP is also important to track in order to identify when emotion regulation modulates the LPP, whether the timing of effects differ for distinct cognitive strategies (Thiruchselvam et al., 2011) , and whether effects differ across developmental periods .
Although the LPP was not sensitive to reappraisal in this group of children, we examined the possibility that increased processing of unpleasant versus neutral pictures might reflect preferential processing of unpleasant stimuli relating to individual differences in anxiety and fear ). As predicted, we found that larger LPPs to unpleasant compared to neutral stimuli in posterior regions (early window) were correlated with greater anxiety. There were no associations between the LPP and temperamental fear, and the association between the LPP and fearful behavior was not robust (it failed to reach significance when 5-and 7-year-olds were removed). These patterns of correlation suggest that increased initial capture of attention (the early window) by unpleasant stimuli may reflect an emotional processing bias linked to anxiety-related problems. This finding is consistent with studies with adults (MacNamara and Mocaiber et al., 2009) showing that the LPP can serve as a sensitive measure of negativity biases, such as anxiety-related attentional biases towards threat ). These early results suggest a future program of research with clinical populations in which one could examine relations between the LPP, behavioral measures of attentional biases, and the emergence of anxiety symptoms. Such research would be able to test the hypothesis the LPP is a viable biomarker for emotional processing biases that create risk for affective disorders.
Results are also relevant to an ongoing debate concerning whether anxiety is characterized by vigilance for threat and/or avoidance of threat (Matthews and Mackintosh, 1998 ). The present study shows that links between the LPP and anxiety symptoms were only significant for the early processing window, and that increased rather than decreased LPP amplitudes were correlated with greater symptoms of anxiety and fearful behavior. This would suggest that from a neurophysiological standpoint, the initial capture of attention, rather than avoidance, is correlated with the experience of anxiety and internalizing problems. We cannot draw conclusions about whether avoidance occurs at later stages of processing (beyond the 2000 ms stimulus duration).
Extending previous findings, such as the study by MacNamara and which demonstrated that greater LPP amplitudes to unpleasant versus neutral stimuli were associated with greater state anxiety, results from the current study document that the LPP is also sensitive to trait-like individual differences in anxiety and internalizing problems. Whether the LPP reflects affective or behavioral states and traits may depend in part of the context of measurement. While the present study measured the LPP in an emotion regulation context, measured the LPP during a decision making task with emotional stimuli. By measuring the LPP in an explicit regulatory context -the reappraisal task -the present study may have measured changes in affective processing that are directly relevant to the types of emotion dysregulatory symptoms that characterize internalizing problems like anxiety. Future research should directly compare the predictive utility of the LPP measured in distinct contexts in relation to processing biases and affective disruptions.
As this was only the second study to examine the LPP in the context of cognitive emotion regulation in children, it is important to note a few key differences between this study and the previous study . One important methodological difference is that in Dennis and Hajcak (2009) the stimulus was presented for 2000 ms, followed by the story, and then the stimulus was presented again. In the present study the story was presented first, followed by the stimulus. The design of the present study is consistent with the five-stage model of emotion regulation (Gross, 1998; Gross and Thompson, 2007) , in which reappraisal is conceived as an antecedent-focused strategythat is, appraisal is employed before an emotional response is experienced. Dennis and Hajcak (2009) may have captured response-focused regulatory attempts as well, since the picture was shown before the directed reappraisal.
It is important to consider alternative explanations for why children in the present study did not show modulation of the LPP via reappraisal. One possibility is that children had difficulty holding the reappraisal in working memory, rather than them failing to perform the reappraisal. That is, if children were not able to remember the story once the picture appeared on the screen, they could not have successfully reappraised the pictures. An important future direction is to identify developmentally sensitive reappraisal paradigms that differ from the adult paradigm, similar to the methodological approach in Dennis and Hajcak (2009) , in order bootstrap children's developing cognitive capabilities and to more closely mirror the ways in which reappraisal might be used in daily life with the support of caregivers, peers, and teachers.
Limitations of the present study include the lack of self-report data on children's mood. Thus, we are missing an important source of information on children's emotional experiences during the reappraisal task as well as on changes in children's subjective emotional arousal attributable to reappraisal. Also, although the stimuli used in this study have been normatively rated, participants in the present study did not subjectively rate the stimuli. Piloting showed that 5-to 6-year-olds had difficulty using the self-assessment manikin or SAM rating system to rate their experience of the valence and arousal properties of the stimuli. Thus, we cannot conclude confidently that the unpleasant pictures were perceived as such by the children -although a previous study from our lab provides evidence these specific stimuli do (cf., Hajcak and Dennis, 2009) . Future studies should concurrently examine other independent measures of arousal to determine the impact of reappraisal, such as the galvanic skin response (GSR) and electromyography (EMG) .
Results of the present study attempt to fill an important gap in our understanding of neural processes related to cognitive emotion regulation in young children. We found that children in kindergarten and first grade do not show expected changes in the LPP via use of directed reappraisal. Thus, these young children may not have the neural maturity to effectively use reappraisal strategies to down regulate affective and attentional processes measured via the LPP. Future research, however, should explore the methodological boundary conditions under which children successfully or unsuccessfully use reappraisal. Future research will examine how children change in their ability to use reappraisal over the course of development. Future directions also include determining whether there is a sensitive period during which children start to effectively use reappraisal in adult-like ways to change how they process and experience emotional information. The LPP is emerging as a useful tool for examining cognitive emotion regulation strategies in normative groups; future studies should systematically examine whether anxiety and mood problems are associated with distinctive patterns of neurophysiological change associated with the use reappraisal and other cognitive emotion regulation strategies.
